The iron-pnictide superconductors have a layered structureformed by stacks of FeAs planes from which the superconductivity originates. Given the multiband and quasi three-dimensional [1] (3D) electronic structure of these hightemperature superconductors, knowledge of the quasi-3D superconducting (SC) gap is essential for understanding the superconducting mechanism. By using the k z -capability of angle-resolved photoemission, we completely determined the SC gap on all five Fermi surfaces (FSs) in three dimensions on Ba 0.6 K 0.4 Fe 2 As 2 samples. We found a marked k z dispersion of the SC gap, which can derive only from interlayer pairing. Remarkably, the SC energy gaps can be described by a single 3D gap function with two energy scales characterizing the strengths of intralayer ∆ 1 and interlayer ∆ 2 pairing. The anisotropy ratio ∆ 2 /∆ 1 , determined from the gap function, is close to the c-axis anisotropy ratio of the magnetic exchange coupling J c /J ab in the parent compound [2] . The ubiquitous gap function for all the 3D FSs reveals that pairing is short-ranged and strongly constrain the possible pairing force in the pnictides. A suitable candidate could arise from short-range antiferromagnetic fluctuations.
potential [15] . Several earlier ARPES studies have used this k z -resolving capability to probe the 3D dispersion of the normal state electronic structure in BaFe 2 As 2 -based pnictides, and found a large k z band dispersion in the orthorhombic phase in the vicinity of the parent compound [16] [17] [18] [19] [20] . The 3D nature of the superconducting gap, which is critically important to the understanding of pnictide superconductivity, has yet to be studied. Fig. 1a shows the spectral intensity measured at 10 K at a photon energy of 46 eV which corresponds to the reduced k z = 0 (see discussion below), plotted as a function of the binding energy and in-plane momentum along the Γ-X direction. Two hole-like bands are clearly observed, corresponding to the α (inner) and β (outer) bands respectively, in both the spectral intensity plot and the second derivative intensity plot (Fig. 1b) . The energy distribution curves (EDCs) show that the α band disperses towards the Fermi level (E F ) and bends back (Fig. 1c) as a result of the opening of the superconducting gap of ∼12 meV, consistent with earlier ARPES experiments [3, 6] . When the photon energy is tuned to 32 eV (k z = π), in addition to the α and β bands observed around the zone centre (the Z point), a third hole-like band (Fig. 1d ) emerges between the α and β bands, while the band calculations [21] [22] [23] have predicted the existence of the third hole-like band in the pnictides, mostly for the 1111 pnictides, there is no accurate prediction of the observed k z dispersion of this band for the 122 compound. We label this new band as the α band, whose full dispersion and Fermi surface will be described in a separate paper.
Comparing Fig. 1b and Fig. 1d quantitatively, it is clear that the α band dispersion undergoes a parallel shifts in binding energy under different photon energies, as shown in Fig. 2a . Moreover, this modulation exhibits a well-defined periodicity in the photon energy, indicating that the excess energy is carried by the coherent interlayer quasiparticle (QP) tunneling with well defined momentum k z . Converting photon energy into momentum k z with an inner potential of 15 eV [16] , we find that the periodicity in k z is remarkably close to the one expected from the lattice spacing between the adjacent Fe layers, i.e. 2π/c = 0.951 A −1 , with c =c/2 = 6.6Å (due to bilayer FeAs in Ba 0.6 K 0.4 Fe 2 As 2 ) [24] . To determine the k z dispersion of the α band, we stay at a fixed in-plane momentum such that the binding energy varies in a region sufficiently away from the SC gap, and plot the QP dispersion (Fig. 2b) as a function of k z as shown in Fig. 2c . The dispersion can be described remarkably well by
with an interlayer hopping amplitude t ⊥ and γ/δ bands, respectively, with the same periodicity along k z .
Having established the k z -dispersion of the quasi-3D electronic structure, we turn to the k z dependence of the SC gaps on different FS sheets obtained using many photon energies. shows rather large periodic variations from ∼9 meV to ∼13 meV, then back to ∼ 9 meV as k z moves from Z to Γ and back to Z. Similar k z dependence of the smaller SC gap on the β band is also observed, varying from ∼5 meV to ∼7 meV, as shown later in Fig. 4 . However, the k z variation of the SC gap on the electron-like (γ/δ) FS sheets is much smaller, as indicated in Figs. 3d−f where the Bogoliubov QP peak is shown to situate at a nearly constant energy of ∼11.5 meV when k z varies from Γ to Z. We note that an appreciable k z -dependence of pairing strength associated with 3D band structure has been predicted in this material [25] , although the predicted certain in-plane anisotropy and gap nodes have not been observed in our experiments.
It is interesting to note that the observed gap values (Figs. 3c and f) and the FS warping However, this turns out to be not the case. The < 10% change in the in-plane Fermi vector is too small to account for the large, near 40% gap variations because of the small "gap velocity" in the pnictides. This is clearly seen from Fig. 1 where the near doubling of the Fermi vector in going from the α-FS to the β-FS only results in the gap change from 12 meV to 6 meV.
To illustrate this point further, we plot in Fig. 4a the measured gap values as a function of | cos k x cos k y | at the Fermi points for the α, α , β, and the electron (γ/δ) bands. Notice that although the average gap value follows this 2D form, the marked deviations induced by the k z dispersion could indicate that pairing is not purely two-dimensional and there is an additional driving force, namely, the pairing between the layers that is predominantly responsible for the gap dispersion with k z .
For an anisotropic layered superconductor with interlayer coupling, we adopt a simple form of the gap function,
This is a direct generalization of the expression for BCS superconductors with an isotropic in-plane gap function [26] . Since the FS warping is rather small, ∆ 2D (k x , k y ) is approximately a constant. We expect this expression to be a good approximation, where η is a measure of the ratio of the interlayer to in-plane pairing strength. In Fig. 4b , we plot the measured The observation of the cosine dependence of the SC gap on k x , k y and k z indicates that the gap function reflects the lattice symmetry and that the predominant pairing is short-ranged in real space. Under such an assumption and taking into account the lattice symmetry, the leading terms of a generalized s-wave gap function can be written as ∆ 1 cosk x cosk y + (cosk x + cosk y )cosk z + ∆ 3 (cosk x cosk y )cosk z . It is possible that the gap parameters of ∆ 1 , ∆ 2 and ∆ 3 have some band/orbital dependence. For simplicity, we choose band/orbital independent parameters to fit the data. We found that ∆ 3 ∆ 2 as a result of the vanishingly small η of the γ/δ electron-like FS around (π, 0). Remarkably, the remaining terms
(cosk x + cosk y )cosk z fit all the gap values on the different FS sheets quite well, with ∆ 1 = 12.3 meV, and ∆ 2 = 2.07 meV as shown in Fig. 4c . The ratio of ∆ 2 /∆ 1 is nearly the same as the ratio of J c /J ab . We have also checked that the SC gap on each observed FS sheet along different in-plane directions fits well to this 3D gap function.
Our finding of a single three-dimensional superconducting gap function for all five different Intensity (arb. units) 
